Organic matter amendments supply crop nutrients and enhance soil health, yet information specific to orchards is lacking. A survey was conducted to analyze use of these materials by California almond [Prunus dulcis (Mill.) D.A. Webb] growers. Significant differences were observed for benefits, concerns, and accessibility to manure and green waste sources and between users and nonusers. Use patterns were significantly influenced by heavy and light users, farm size, and geographic region. Enhanced soil biology was the main benefit attributed to organic matter amendments by both users and nonusers. Nonusers showed greater concern for food safety compared to users, and all growers reported greater concern for food safety from manure. The greatest adoption of organic matter amendments occurred on small farms (≤170 ha) located in the north San Joaquin Valley in California. Greater accessibility to manure correlated with presence of dairy farms. Poorer accessibility ratings by nonusers suggest access is a barrier to adoption, as opposed to nonusers having an undesirable view of the practice. Common management included applying organic matter amendments during tree dormancy from manure sources in composted forms with no-till. Heavy users on small farms exhibited the greatest year-to-year consistency and were more flexible with selection of sources and diverse in application methods. Large farms (>170 ha) were less likely to use organic matter amendments every year and less likely to apply them on all their farm area. This study identifies a number of strategies to fill knowledge gaps, increase practice awareness, and overcome barriers to adoption.
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Grower Analysis of Organic Matter Amendments in California Orchards
Sat Darshan S. Khalsa* and Patrick H. Brown A lmonds [Prunus dulcis (Mill.) D.A. Webb] are the most important orchard crop in California, totaling over 400,000 ha with a total crop value of over US$6 billion (CDFA, 2015) . California has the largest dairy industry in the United States with operations in proximity to orchards and also has large municipal populations with mandated green waste recycling programs (CalRecycle, 2015; CASS, 2013) . This combination has resulted in an excess amount of organic matter amendments (OMA), defined as organic matter applied to agricultural soil from external animal, plant, and/or foodbased sources. Almonds utilize large amounts of nitrogen fertilizer, and greater than 75% of almond orchards are equipped with microirrigation and are managed with minimal or no tillage (Lopus et al., 2010) . A poor understanding of how to use OMA in orchards compromises the potential for these materials to supply nutrient demand and enhance soil health. The lack of knowledge for orchards contrasts with more defined practices for annuals such as vegetables ( Jackson et al., 2004) . A greater understanding of how growers use OMA and barriers that exist to adopting new practices will aid researchers and cooperative extension advisors in the delivery of relevant agricultural knowledge (Lubell et al., 2014) .
Organic matter amendments offer multiple benefits by providing a source of essential nutrients and a partial substitute for chemical fertilizer (Bittenbender et al., 1998; Mordoğan et al., 2013; Preusch and Tworkoski, 2003; Roosta and Mohammadi, 2013) while maintaining or improving yields (Amiri and Fallahi, 2009; Baldi et al., 2010; Forge et al., 2013; Sanchez et al., 2003) and improving soil health (Briones et al., 2011; Mathews et al., 2002; van Overbeek et al., 2010) . Soils commonly used for orchard production can be at greater risk for carbon loss (Angers et al., 2011) . In orchard crops, an increase in soil carbon has been observed when applying OMA (Bittenbender et al., 1998; Canali et al., 2004; Neilsen et al., 2014) as well as increased infiltration and water holding capacity by reducing soil bulk density and compaction (Cayuela et al., 2004; Mujdeci, 2011; Peck et al., 2011; Walsh et al., 1996) . These materials can also control weeds and nematodes and suppress disease during replant (Braun et al., 2010; Brown and Tworkoski, 2004; Sanchez et al., 2003; Stirling et al., 1995) .
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WASTE MANAGEMENT TECHNICAL REPORTS Core Ideas
• We analyzed grower adoption or avoidance of organic matter amendments in California almond orchards.
• We found significant differences in responses from usage groups, farm sizes, and geographic regions.
• Soil biology was reported as primary benefit and food safety as primary concern from use.
• Accessibility to organic matter amendments was a constraint to adoption for nonusers.
• Heavy users on small farms were more consistent and flexible with management.
While benefits from OMA use in orchards exist, concerns are evident. California almonds are harvested from the ground, where pathogens may be present. Regulations emphasize the risk to food safety from untreated OMA (FDA, 2013) . Practices such as lengthening exclusion periods between OMA application and harvest and deficit irrigation before harvest can be used to lower food safety risk (Fonseca et al., 2011) . Composting is the most effective treatment to eliminate pathogens; however, the process increases cost and alters biological and chemical properties of the material (Adler and Sikora, 2003; Albiach et al., 2000; Miller et al., 2013) . Cost and logistics associated with OMA transport and application also create a barrier to adoption (Bittenbender et al., 1998) . Nutrient availability is an additional concern because supply of nutrients from OMA can be variable and the application of OMA can render other applied nutrients unavailable (Chalk et al., 2013; Fortuna et al., 2003; Sørensen, 2004) .
Ample evidence suggests OMA use can be beneficial in orchards. A greater understanding of perceptions, barriers to adoption, and management practices would aid in determining how to increase awareness of OMA practices and outreach to growers most likely to adopt (Baumgart-Getz et al., 2012) . In this study, we conducted a grower analysis of usage groups, farm sizes and geographic regions using a mixed-mode survey. The aims of our study were (i) to conduct a baseline analysis of OMA use in orchards since no literature exists relevant to California; (ii) to test for differences in benefits, concerns, and accessibility for sources of OMA and between users and nonusers; (iii) to compare how heavy and light users, farm size and geographic region influence management practices; and (iv) to identify strategies for research and extension to fill knowledge gaps, increase practice awareness, and overcome barriers for nonusers.
Materials and Methods
Survey Design and Overview
This study targeted almond growers in California utilizing a mixed-mode survey. Focus groups with stakeholders were conducted from January to March 2014 to inform the survey design. Questions included ranking benefits and concerns; rating accessibility to sources; frequency and area of use during orchard stages; geographic distribution of usage; and management practices. A copy of the survey is included in the Supplemental Material. The survey was distributed to 6192 unique addresses using mailing lists provided by the Almond Board of California (Modesto, CA) and the Blue Diamond Growers (Sacramento, CA). We followed Dillman's Tailored Design Method using a mixed-mode approach of business reply mail or visiting a website (Dillman et al., 2008) . Surveys were sent out in June 2014 and September 2014 and ended in February 2015.
We received 1650 responses, including 1120 usable surveys and 530 opt-outs, with 90% by mail and 10% online. The response rate was 27% of unique addresses representing 33% of the almond area in California. Not every grower replied to every question. Growers reported a total of 107,400 ha with a postal code. Responses from growers with hectarage in more than one zip code were categorized by their largest orchard. The proportionality of reported hectares per county to known almond area per county (X 2 = 1.01; P = 1.00) demonstrates that the survey achieved a representative population. Use of OMA during planting, nonbearing, or bearing stages categorized growers as users, whereas no use categorized growers as nonusers. Users were further divided into heavy users, defined as use during all stages, and light users, defined as use during one or two stages. Growers in the smallest classification of average hectarage per postal code (see "Geographic Distribution" below) with ≤170 ha were categorized as small farms, and growers in the other classifications were categorized as large farms. Reported postal codes allowed for the broad categorization of geographic regions as Sacramento Valley (SV), north San Joaquin Valley (NSJV), or south San Joaquin Valley (SSJV).
Ranking Benefits and Concerns
Growers (n = 983) ranked soil biology, tree nutrition, and water holding capacity as primary, secondary, or tertiary benefits of OMA in general. Growers (n = 913) ranked food safety, nutrient availability, and cost and logistics as primary, secondary, and tertiary concerns for four materials: composted manure, green waste compost, raw manure, and uncomposted green waste. We coded rankings with 1 for primary, 2 for secondary, and 3 for tertiary. To compare users and nonusers, we used one set of numbers for benefit rankings and averaged the four sets of numbers for concern rankings. The ranking distribution between users and nonusers for each benefit and concern was tested for significant differences (p < 0.05) using a two-sample Wilcoxon rank sum (Mann-Whitney) test. We used two of the four sets of numbers to compare manure and green waste sources by averaging composted manure and raw manure versus green waste compost and uncomposted green waste. The ranking distribution between sources and forms for each concern was tested for significant differences (p < 0.05) using a matched pairs Wilcoxon signed rank test. After statistical analysis, averaged values were rounded to the nearest whole number and back transformed as primary, secondary, or tertiary for figure display.
Geographic Distribution
Geographic distribution included total grower responses per postal code, total hectares per postal code, and assignment of the postal code to a geographic region. Average hectarage per grower is reported in table format only. Classification of each parameter using Jenk's Natural Break Method resulted in four classes; 1-7, 8-16, 17-25, and 26-38 total responses; 5-550, 551-1700, 1701-3700, and 3701-6000 total hectares; and 5-170, 171-600, 601-1000, and 1001-3000 average hectarage ( Jenks and Caspall, 1971) . The distribution of classes between geographic regions for postal codes with users (n = 108) and nonusers (n = 96) was tested for significant differences (p < 0.05) using a Kruskall-Wallis rank test.
Geographic distribution of accessibility ratings of poor, fair, good, or excellent were reported for manure and green waste by postal code. We coded ratings with 1 for poor, 2 for fair, 3 for good, and 4 for excellent. To compare users and nonusers, we averaged the two sets of numbers for accessibility ratings to OMA regardless of source. To compare manure and green waste sources, we contrasted two sets of numbers regardless of usage group. The distribution of classes between geographic regions for postal codes with users (n = 108) and nonusers (n = 96) and for postal codes with ratings of manure (n = 132) and green waste (n = 132) were tested for significant differences (p < 0.05) using a Kruskall-Wallis rank test. Averaged values were rounded to the nearest whole number and categorized as poor, fair, good, or excellent for figure display. Nonreporting postal codes within each geographic region are displayed as one-way cross hatching. All maps were constructed in ArcMap 10.3 (Esri, Inc.).
Management Practices
Survey questions assessed OMA management practices during planting, nonbearing, and bearing stages. Management practices encompassed grower use by area, frequency, source, form, timing, placement, and tillage. Growers classified area as partial or all hectarage and frequency as yearly or less than yearly. Growers reported sources as manure, green waste, or both and forms as composted, uncomposted, or both. Timing practices were dormancy from October to February, in-season from March to September, or all year round. Placement practices were in the tree row, in the tractor alleyway, or over the whole orchard floor. Soil management practices included utilization of tillage or no-till. Information on frequency, timing, and placement of OMA was requested during the bearing stage only. Comparison between heavy and light users and small and large farm sizes for each management practice was tested for significant differences (p < 0.05) using a two-sample Wilcoxon rank sum (Mann-Whitney) test. All statistical tests were conducted using STATA 14.0 (StatCorp LP).
Results and Discussion
Benefits and Concerns
Soil biology was reported as the primary benefit of OMA by 51% of users and 48% of nonusers, with no significant difference (p = 0.140) in the distribution (Fig. 1) . Tree nutrition received the next highest response as the primary benefit, with a significantly different (p = 0.027) distribution due to greater combined primary and secondary rankings by 75% of users and 67% of nonusers. Water holding capacity was ranked as the lowest primary benefit with a significant difference (p < 0.001) in the distribution between usage groups and a higher ranking by nonusers. Improved microbial diversity and greater availability of essential nutrients are examples of benefits to soil biology from OMA in orchards (Brown and Tworkoski, 2004; Forge et al., 2013; Mathews et al., 2002; Peck et al., 2011) . The lack of differences for soil biology as the primary benefit between usage groups suggests the perception of the benefit by nonusers is supported by the experience of users. Users ranked tree nutrition higher than nonusers, whereas nonusers perceive benefits to water holding capacity that are not held as strongly by users. Organic matter amendments can be an effective substitute for chemical fertilizer; however, this benefit may only be recognized by users. In contrast, water holding capacity may only be a perceived benefit by nonusers that has yet to be validated by users. Studies have reported both improvements and no effect on water holding capacity from the use of OMA across a variety of cropping systems and soil types (Arvanitoyannis and Kassaveti, 2007; Walsh et al., 1996; Wu et al., 2003) . Thus, outreach efforts need to account for differences in perceived benefits and practice efficacy across different farming conditions (Niles et al., 2016) .
The distribution of concern rankings were significantly different between usage groups for both food safety (p = 0.002) and nutrient availability (p < 0.001) (Fig. 2) . Food safety was the primary concern for 44% of users and 54% of nonusers. Other concerns differed, with 69% of users and 50% of nonusers listing nutrient availability as a primary or secondary concern. There were no significant differences in the distribution of concern rankings for cost and logistics between usage groups. Food safety was the primary concern with significant differences in the distribution between both sources (p < 0.001) (Fig. 3) . Growers reported more concern for food safety from manure (Fig. 3) . The lower emphasis on food safety for green waste increased the percentage of users who considered nutrient availability as a primary concern (p < 0.001). Cost and logistics was also significantly different (p < 0.001), with greater concern for green waste.
Food safety concerns are a barrier to OMA adoption for nonusers and an important challenge to expand use for users. Studies show that growers recognize that good agricultural practices can reduce food safety risk (Lewis Ivey et al., 2012) and that composting of manures is a viable practice to eliminate pathogens (Gong, 2007; Martens and Bohm, 2009; Shepherd et al., 2010) . Outreach efforts promoting OMA practices that demonstrate benefits while addressing solutions like composting offer a means to address the food safety barrier (Lubell et al., 2011) . Greater concern by nonusers for cost and logistics may result from lack of practical experience or poor understanding the value of OMA, leading to exclusion from orchards (Bittenbender et al., 1998; Canali et al., 2004) . In contrast, users showed greater concern for nutrient availability, perhaps due to a lack of validated strategies for orchards. Finally, greater concern for nutrient availability from green waste is likely the consequence of higher C/N ratios increasing the potential for immobilization (Chalk et al., 2013) .
Geographic Response and Accessibility
Responses from users and nonusers by postal code were reported from every major almond growing region in California (Fig. 4) . There was a significant difference in the distribution of response classes for users (p < 0.001) by geographic region but no difference for nonusers (p = 0.136) ( Table 1) . Only 11% of the postal codes from SV and SSJV had greater than seven responses, whereas over 50% of the postal codes in NSJV did. There were no differences for users (p = 0.292) and nonusers (p = (0.765) in the distribution of total acreage classes by geographic region, but there were significant differences for average hectarage for users (p = 0.006) and nonusers (p = 0.033). Over 95% of users with postal codes in NSJV held 170 ha or fewer, whereas less than 50 and 67% in SV and SSJV did, respectively. These results indicate that greater OMA adoption occurred on smaller farms. Other studies describe a similar trend whereby the use of integrated and organic soil management practices was greater on smaller farms (Rangarajan et al., 2002; Unay Gailhard and Bojnec, 2015; Williams, 1999) . While more studies report a positive adoption of soil management practices such as conservation tillage with farm size where specialized equipment is scalable (Prokopy et al., 2008) , we presume obtaining OMA of sufficient quantity and quality makes OMA adoption more amendable to smaller farms. Accessibility ratings to OMA by postal code were higher for users compared with nonusers and greater for manure compared with green waste (Table 2 ). These results suggest that avoidance of OMA by nonusers may be more related to poor accessibility as opposed to an undesirable view of the practice.
There were significant differences in the distribution of accessibility ratings by geographic region for users (p = 0.003), nonusers (p < 0.001), and manure (p < 0.001), but not for green waste (p = 0.128). Good or excellent accessibility ratings to OMA were reported for over 84% of SSJV postal codes with users and 37% with nonusers. In contrast, less than 65% of postal codes with users and 15% with nonusers reported good or excellent accessibility ratings for SV and NSJV. Accessibility ratings for manure were the highest for SSJV, followed by NSJV and then SV. Public records show over 30 times more dairy cows in NSJV and SSJV compared with SV. Furthermore, SSJV hosted nearly double the cows per dairy compared with NSJV, even though the total number of dairies was similar (CASS, 2013) . Thus, OMA adoption may be related more to smaller farms connecting with smaller dairies such as in NSJV as opposed to better access to more manure as reported in SSJV. Accessibility appears more complex than having ample material within an economic distance, as evidenced by the same geographic region reporting accessibility ratings from poor to excellent (Fig. 5) . Multiple factors may affect accessibility ratings, including quality of information about OMA use, connections within social networks, or grower desire to diversify nutrient sources (Lubell et al., 2014; Niles et al., 2015) .
Implications for Management
All OMA users, including heavy and light users on small and large farms, provided information on OMA management practices for planting, nonbearing, and bearing stages. The most common management included application during tree dormancy from manure sources in composted forms, coupled with no-till practices such as mulching. During planting, there were significant differences in the distribution of management practices, with 12% of heavy users using both composted and uncomposted forms (p = 0.049) compared with 1.7% of light users (Table 3) . During planting (p = 0.001) and nonbearing (p = 0.041), heavy users were more likely to use no-till practices compared with light users (Table 4 ). The proportion of small farms using OMA during all plantings was significantly greater (p = 0.046) than large farms. Furthermore, large farms were less likely to plant all orchard areas with OMA.
Frequency of use between heavy and light users (p < 0.001) and area of application between small and large farms (p < 0.001) Fig. 3 . Response percentages ranking food safety, nutrient availability, and cost and logistics as primary, secondary or tertiary concerns with sources of organic matter amendments are shown. Significant differences in the ranking distribution of each concern between manure (n = 913) and green waste (n = 913) using a matched pairs Wilcoxon signed rank test are noted by * (p < 0.05), ** (p < 0.01), *** (p < 0.001), or not significant (NS).
were significantly different during the bearing stage (Table 5) . Use every year was reported by 62% of heavy users compared with 39% of light users, while 72% of small farms applied OMA to all orchard area compared with 50% of large farms. A significantly different (p = 0.022) proportion of heavy users at 26% used both manure and green waste compared with 13% of light users. There were significant differences in OMA placement between heavy and light users (p = 0.029) and farm size (p = 0.007), with heavy users more likely to place OMA on both the tree row and alleyway and large farms more likely to place OMA on the tree row only. Heavy users on small farms were more consistent from year to year and more flexible in terms of OMA sources and placement than light users or large farms.
The adoption of OMA represents a management practice that could reduce reliance on chemical fertilizer. Manure is the most abundant OMA source in California. Grower preference for composted materials in our study was similar to small farmers in the southeastern United States (Harrison et al., 2013) . The application of OMA during dormancy by nearly 90% of the participants in this study shows a strong awareness for exclusion periods and is a similar finding to vegetable growers in Minnesota (Hultberg et al., 2012) . Combining OMA with no-till can improve soil health and effectively manage weeds (Delate and Friedrich, 2004; Glover et al., 2000) . Use of OMA in California orchards has the potential for expansion due to abundant available resources and widely recognized benefits, yet a multitude of concerns and accessibility issues remain. Mainly, our understanding of the management approaches for orchards with different soil types, irrigation systems, and climatic conditions is inadequate (Adler and Sikora, 2003; Bonilla et al., 2012; Roosta and Mohammadi, 2013) . Grower analysis of OMA provides insights into different usage groups, farm sizes, and geographic regions. Soil biology was the main benefit attributed to OMA use. Nonusers are more concerned for food safety than users, and growers show a greater concern for food safety from use of manure and uncomposted materials. An effective approach to foster adoption includes demonstrating food safe practices and increasing awareness of food safe practices through extension channels (Baumgart-Getz et al., 2012) . Our results indicate that the highest OMA adoption occurred on small farms located in NSJV. Furthermore, better ratings of accessibility for manure correlated with presence of dairy farms and poorer ratings by nonusers suggest accessibility is an important barrier to adoption. Accessibility issues encompass a range of factors, from distance between the OMA source and the orchard to overall knowledge of the practice (Lubell et al., 2011) and personal Table 2 . Accessibility ratings are reported for users and nonusers of organic matter amendments and manure and green waste sources. The number of postal codes (n) and percentages (%) are separated into classes per geographic region. Classes for accessibility ratings are poor, fair, good, and excellent. Differences in the distribution of classes by geographic region were tested using a Kruskall-Wallis rank test. Users, nonusers, manure, and green waste are organized vertically, with significant differences between the Sacramento Valley (SV), north San Joaquin Valley (NSJV), or south San Joaquin Valley (SSJV) reported in italics at the p < 0.05 level. Table 3 . Management practices are reported for farm area, source and form of organic matter amendments, and soil management for the planting stage. The number of grower users (n) and percentages (%) are separated into practices including partial or all area of plantings; manure, green waste, or both sources; composted, uncomposted, or both forms; and soil management with tillage or no-till. Differences in the distribution of practices were tested using a two-sample Wilcoxon rank sum (Mann-Whitney). Area, source, form, and soil management are organized horizontally, with significant differences between heavy and light users, and small (≤170 ha) and large (>170 ha) farms reported in italics at the p < 0.05 level. Table 4 . Management practices are reported for farm area, source and form of organic matter amendments, and soil management for the nonbearing stage. The number of grower users (n) and percentages (%) are separated into practices including partial or all farm area; manure, green waste, or both sources; composted, uncomposted, or both forms; and soil management with tillage or no-till. Differences in the distribution of practices were tested using a two-sample Wilcoxon rank sum (Mann-Whitney). Area, source, form, and soil management are organized horizontally, with significant differences between heavy and light users, and small (≤170 ha) and large (>170 ha) farms reported in italics at the p < 0.05 level. Table 5 . Management practices are reported for farm area, source and form of organic matter amendments, timing, placement and soil management for the bearing stage. The number of grower users (n) and percentages (%) are separated into practices including partial or all farm area; manure, green waste, or both sources; composted, uncomposted, or both forms; use during dormancy, in-season, or both periods; placement on the tree row, alleyway, or both; and soil management with tillage or no-till. Differences in the distribution of practices were tested using a two-sample Wilcoxon rank sum (Mann-Whitney). Area, source, form, timing, placement, and soil management are organized horizontally, with significant differences between heavy and light users, and small (≤170 ha) and large (>170 ha) farms reported in italics at the p < 0.05 level.
Accessibility ratings
Nonbearing stage
experiences with individual farming systems (Niles et al., 2015) . Greatest usage occurred by heavy users on small farms (≤170 ha), who were more consistent with application from year to year and more flexible with selection of sources and placement on the orchard floor. Large farms (>170 ha) were less likely to use OMA every year and on the entire orchard area. Future goals for research and extension include a need to promote food safe practices, to develop nutrient management approaches for different farming conditions, to understand the range of factors related to OMA accessibility, and to identify risk and reward tradeoffs to better scale OMA use on larger farms.
